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57 ABSTRACT

A switch circuit electrically connected to a power source and
a first control source and including a plurality of switch
bridge arms is provided. Each of the plurality of switch
bridge arms includes a first switch and a second switch
electrically connected in series. A loop formed by the first
switch, the second switch and the power source is defined as
a power loop. A loop formed by the first control source and
the first switch is defined as a first control loop. A first
mutual inductance is formed between the power loop and the
first control loop. Among all the first switches, the first
switch with the longer power loop has the smaller first
mutual inductance.

8 Claims, 6 Drawing Sheets
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1
SWITCH CIRCUIT AND POWER MODULE

FIELD OF THE INVENTION

The present disclosure relates to a switch circuit and a
power module, and more particularly to a switch circuit and
a power module capable of balancing the dynamics currents
flowing through the switches.

BACKGROUND OF THE INVENTION

High capacity and high power density power electronics
systems are increasingly demanded in transportation elec-
trification and smart grid applications. With the recent
development of SiC devices, power electronics systems are
able to achieve high efficiency and high power density.
However, the thermal-mechanical stress of the die limits the
active area of a single chip. As a result, the current rating of
a single device is limited. Paralleling multiple power devices
has become an inevitable way to increase the current capa-
bility of the power electronics system.

The major issue of paralleling devices is that the current
shared by the paralleled devices is not balanced. Due to the
asymmetrical layout, the parasitic inductances of the paral-
leled devices are different. During switching transient, the
dynamic currents flowing through the paralleled devices are
different. The dynamic current unbalance between the par-
alleled devices leads to gate voltage oscillation, overcurrent,
and thermal stress unbalance, which could cause unstable
oscillation and thermal runaway and eventually lead to
system failure.

Therefore, there is a need of providing a switch circuit and
a power module to obviate the drawbacks encountered from
the prior arts.

SUMMARY OF THE INVENTION

It is an objective of the present disclosure to provide a
switch circuit and a power module capable of balancing the
dynamic currents flowing through the switches based on the
common source inductance. Due to the balanced dynamic
currents, the reliability of the switch circuit and the power
module is greatly improved.

In accordance with an aspect of the present disclosure,
there is provided a switch circuit electrically connected to a
power source and a first control source. Each of the power
source and the first control source has a first end and a
second end. The switch circuit includes a plurality of switch
bridge arms electrically connected in parallel, each includ-
ing a first switch and a second switch electrically connected
in series. Midpoints of the plurality of switch bridge arms
are connected together. Each of the first switch and the
second switch has a first terminal, a second terminal, and a
third terminal. In each of the plurality of switch bridge arms,
the first terminal of the first switch is electrically connected
to the first end of the power source, and the second terminal
and the third terminal of the first switch are electrically
connected to the second end and the first end of the first
control source respectively. The first terminal and the second
terminal of the second switch are electrically connected to
the second terminal of the first switch and the second end of
the power source respectively. A loop formed by the first
switch, the second switch and the power source is defined as
a power loop. A loop formed by the first control source and
the second terminal and the third terminal of the first switch
is defined as a first control loop. A first mutual inductance is
formed between the power loop and the first control loop.
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Among all the first switches, the first switch with the longer
power loop has the smaller first mutual inductance.

In accordance with another aspect of the present disclo-
sure, there is provided a power module including a first
power pin, a second power pin, a first control pin, a second
control pin, and a plurality of switch bridge arms. The first
power pin and the second power pin are configured to
receive a power. The first control pin and the second control
pin are configured to receive a first control signal. The
plurality of switch bridge arms are electrically connected in
parallel, each including a first switch and a second switch
electrically connected in series. Midpoints of the plurality of
switch bridge arms are connected together. Each of the first
switch and the second switch has a first terminal, a second
terminal and a third terminal. In each of the plurality of
switch bridge arms, the first terminal, the second terminal
and the third terminal of the first switch are electrically
connected to the first power pin, the second control pin and
the first control pin respectively, and the first terminal and
the second terminal of the second switch are electrically
connected to the second terminal of the first switch and the
second power pin respectively. A loop formed by the first
power pin, the first switch, the second switch and the second
power pin is defined as a power loop. A loop formed by the
first control pin, the second terminal and the third terminal
of the second switch, and the second control pin is defined
as a first control loop. A first mutual inductance is formed
between the power loop and the first control loop. Among all
the first switches, the first switch with the longer power
branch has the smaller first mutual inductance.

In accordance with another aspect of the present disclo-
sure, there is provided a switch circuit electrically connected
to a power source and a first control source. Each of the
power source and the first control source has a first end and
a second end. The switch circuit includes a plurality of
switch bridge arms electrically connected in parallel, each
including a first switch, a first interconnection conductor, a
second switch, and a second interconnection conductor
electrically connected in series sequentially. Midpoints of
the plurality of switch bridge arms are connected together.
Each of the first switch and the second switch has a first
terminal, a second terminal, and a third terminal. In each of
the plurality of switch bridge arms, the first terminal and the
second terminal of the first switch are electrically connected
to the first end of the power source and a first terminal of the
first interconnection conductor respectively. The first termi-
nal and the second terminal of the second switch are
electrically connected to a second terminal of the first
interconnection conductor and a first terminal of the second
interconnection conductor respectively. A second terminal of
the second interconnection conductor is electrically con-
nected to the second end of the power source. The third
terminal of the first switch and the second terminal of the
first interconnection conductor are electrically connected to
the first end and the second end of the first control source
respectively. A loop formed by the first switch, the first
interconnection conductor, the second switch, the second
interconnection conductor and the power source is defined
as a power loop. Among all the first switches, the first switch
with the longer power loop is electrically connected to the
first interconnection conductor with smaller inductance.

In accordance with another aspect of the present disclo-
sure, there is provided a power module including a first
power pin, a second power pin, a first control pin, a second
control pin, and a plurality of switch bridge arms. The first
power pin and the second power pin are configured to
receive a power. The first control pin and the second control
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pin are configured to receive a first control signal. The
plurality of switch bridge arms are electrically connected in
parallel, each including a first switch, a first interconnection
conductor, a second switch, and a second interconnection
conductor electrically connected in series sequentially. Mid-
points of the plurality of switch bridge arms are connected
together. Each of the first switch and the second switch has
a first terminal, a second terminal, and a third terminal. In
each of the plurality of switch bridge arms, the first terminal
and the second terminal of the first switch are electrically
connected to the first power pin and a first terminal of the
first interconnection conductor respectively. The first termi-
nal and the second terminal of the second switch are
electrically connected to a second terminal of the first
interconnection conductor and a first terminal of the second
interconnection conductor respectively. A second terminal of
the second interconnection conductor is electrically con-
nected to the second power pin. The third terminal of the first
switch and the second terminal of the first interconnection
conductor are electrically connected to the first control pin
and the second control pin respectively. A loop formed by
the first power pin, the first switch, the first interconnection
conductor, the second switch, the second interconnection
conductor and the second power pin is defined as a power
loop. Among all the first switches, the first switch with the
longer power loop is electrically connected to the first
interconnection conductor with smaller inductance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is schematic circuit diagram illustrating a switch
circuit according to an embodiment of the present disclo-
sure;

FIG. 2 is a schematic view illustrating a power module
according to an embodiment of the present disclosure;

FIG. 3 schematically shows the power loop and the
second control loop of the second switch in FIG. 2;

FIG. 4A shows the switch circuit of FIG. 1 in the case of
n equal to 2;

FIG. 4B is a schematic layout showing a mutual induc-
tance and an interconnection conductor corresponding to a
certain switch; and

FIG. 5 schematically shows the switch of the power
module 10 of FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present disclosure will now be described more spe-
cifically with reference to the following embodiments. It is
to be noted that the following descriptions of preferred
embodiments of this disclosure are presented herein for
purpose of illustration and description only. It is not intended
to be exhaustive or to be limited to the precise form
disclosed.

FIG. 1 is schematic circuit diagram illustrating a switch
circuit according to an embodiment of the present disclo-
sure. As shown in FIG. 1, the switch circuit 1 is electrically
connected to a power source 11 and a first control source
121. The power source 11 has a first end 11a and a second
end 115, and is configured to provide power. The first control
source 121 has a first end 1214 and a second end 1215, and
is configured to provide control signal. The switch circuit 1
includes n switch bridge arms electrically connected in
parallel, where n is an integer larger than 1, and midpoints
of all the switch bridge arms are connected together. Each
switch bridge arm includes a first switch and a second switch
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electrically connected in series. For example, the first switch
bridge arm includes the first switch 131 and the second
switch 141, and the nth switch bridge arm includes the first
switch 13» and the second switch 14n. Each of the first
switch and the second switch has a first terminal, a second
terminal, and a third terminal. In each switch bridge arm, the
first terminal of the first switch is electrically connected to
the first end 11a of the power source 11, and the second
terminal and third terminal of the first switch are electrically
connected to the second end 1215 and the first end 121a of
the first control source 12 respectively. Further, the first
terminal and the second terminal of the second switch are
electrically connected to the second terminal of the first
switch and the second end 115 of the power source 11
respectively. A loop formed by the first switch, the second
switch and the power source 11 is defined as a power loop
(depicted by solid arrow lines in FIG. 1). A loop formed by
the first control source 121 and the second terminal and third
terminal of the first switch is defined as a first control loop
(depicted by dashed arrow lines in FIG. 1). A first mutual
inductance is formed between the power loop and the first
control loop. In an embodiment, the switch is a field-effect
transistor, and the first, second, and third terminals are a
drain, a source, and a gate respectively, but not limited
thereto.

In an embodiment, the switch circuit 1 is further electri-
cally connected to a second control source 122 having a first
end 122q and a second end 1225. In each switch bridge arm,
the second terminal and the third terminal of the second
switch are electrically connected to the second end 1225 and
the first end 122a of the second control source 122 respec-
tively. A loop formed by the second control source 122 and
the second terminal and the third terminal of the second
switch is defined as a second control loop (depicted by
dashed arrow lines in FIG. 1). A second mutual inductance
is formed between the power loop and the second control
loop.

In addition, the switch bridge arms of the switch circuit 1
further include a plurality of first interconnection conductors
Les1l . . . Leslr and a plurality of second interconnection
conductors Lcs21 . . . Les2n. In other words, each switch
bridge arm further includes one first interconnection con-
ductor and one second interconnection conductor, and the
first switch, the first interconnection conductor, the second
switch, and the second interconnection conductor are elec-
trically connected in series sequentially to form the switch
bridge arm. The first interconnection conductors Les1l . . .
Lesle are electrically connected to the first switches
131 . . . 13n one-to-one. The second interconnection con-
ductors Les21 . . . Les2n are electrically connected to the
second switches 141 . . . 14n one-to-one. Each of the
plurality of interconnection conductors Les1l . . . Leslz and
Les21 . . . Les2r is electrically connected to the second
terminal of the corresponding switch and is shared by the
power and control loops of the corresponding switch. Taking
the first switch 131 and the corresponding first interconnec-
tion conductor Les1l as an example, a first terminal of the
first interconnection conductor Lecsll is electrically con-
nected to the second terminal of the first switch 131, and a
second terminal of the first interconnection conductor Les11
is electrically connected to the first terminal of the second
switch 141 and the second end 1215 of the first control
source 121. Moreover, under this circumstance, regarding
each switch bridge arm, the power loop is formed by the first
switch, the first interconnection conductor, the second
switch, the second interconnection conductor and the power
source 11. The first control loop is formed by the first control
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source 121, the first interconnection conductor, and the
second terminal and the third terminal of the first switch. The
second control loop is formed by the second control source
122, the second interconnection conductor, and the second
terminal and the third terminal of the second switch.

The mutual inductance and the interconnection conductor
stated above are regarded as the flux-coupled common
source inductance and the shared-path common source
inductance respectively, which are both common source
inductances actually. Through designing at least one of the
mentioned common source inductances, the switch circuit 1
of'the present disclosure is capable of balancing the dynamic
currents flowing through the switches, which would be
described in detail as follows.

In a first embodiment, among all the first switches
131 .. . 13n, the first switch with the longer power loop has
the smaller first mutual inductance. Similarly, among all the
second switches 141 . . . 14n, the second switch with the
longer power loop has the smaller second mutual induc-
tance. Thereby, the dynamic currents flowing through the
switches 131 . . . 13z and 141 . . . 14» respectively are
balanced. Taking the first switches 131 and 137 as an
example, since the power loop of the first switch 137 is
longer than the power loop of the first switch 131, the current
flowing through the first switch 13 tends to be smaller than
the current flowing through the first switch 131. In order to
reverse this tendency and balance the currents flowing
through the first switch 131 and the first switch 13, the first
mutual inductance of the first switch 13# is designed to be
smaller than the first mutual inductance of the first switch
131. As the first mutual inductance of the first switch 13 is
designed to be smaller than the first mutual inductance of the
first switch 131, the voltage drop across the trace of the first
control loop of the first switch 137 is smaller than that of the
first switch 131. The first switch 131 and the first switch 13»
are connected to the same control source, and the polarity of
the voltage drop across the trace of the first control loop of
the first switch 137 and the polarity of the voltage drop
across the trace of the first control loop of the first switch 131
are both opposite to the polarity of the first control source
121, so the voltage between the third terminal and the
second terminal of the first switch 13» is larger than the
voltage between the third terminal and the second terminal
of the first switch 131. Therefore, the resistance of the first
switch 131# is smaller than that of the first switch 131,
which can make the current flowing through the first switch
137 increase and make the current flowing through the first
switch 131 decrease. Consequently, the dynamic currents
id1 and idn flowing through the first switches 131 and 13»
respectively are balanced. Further, the value of the first
mutual inductance is determined by the relative position of
the power loop and the first control loop as well as the loop
areas of the power loop and the first control loop. Similarly,
the value of the second mutual inductance is determined by
the relative position of the power loop and the second
control loop as well as the loop areas of the power loop and
the second control loop.

In a second embodiment, among all the first switches
131 . . . 13, the first switch with the longer power loop is
electrically connected to the first interconnection conductor
with smaller inductance. Among all the second switches
141 . . . 14n, the second switch with the longer power loop
is electrically connected to the second interconnection con-
ductor with smaller inductance. Thereby, the dynamic cur-
rents flowing through the switches 131 . . . 13z and
141 . . . 14» respectively are balanced. Taking the first
switches 131 and 137 as an example, since the power loop
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of the first switch 13z is longer than the power loop of the
first switch 131, the current flowing through the first switch
137 tends to be smaller than the current flowing through the
first switch 131. In order to reverse this tendency and
balance the currents flowing through the first switch 131 and
the first switch 137, the inductance of the first interconnec-
tion conductor Lcsln electrically connected to the first
switch 13# is designed to be smaller than the inductance of
the first interconnection conductor Lesl1 electrically con-
nected to the first switch 131. As the inductance of the first
interconnection conductor Leslz is designed to be smaller
than the inductance of the first interconnection conductor
Lcs11, the voltage across the first interconnection conductor
Lcs1r is smaller than voltage across the first interconnection
conductor Les11. The first switch 131 and the first switch
137 are connected to the same control source, and the
polarity of the voltage across the first interconnection con-
ductor Leslz and the polarity of the voltage across the first
interconnection conductor Lcs1l are both opposite to the
polarity of the first control source 121, so the voltage
between the third terminal and the second terminal of the
first switch 13z is larger than voltage between the third
terminal and the second terminal of the first switch 131.
Therefore, the resistance of the first switch 131z is smaller
than that of the first switch 131, which can make the current
flowing through the first switch 137 increase and make the
current flowing through the first switch 131 decrease. Con-
sequently, the dynamic currents id1 and idn flowing through
the first switches 131 and 137 respectively are balanced.
Further, the inductance of the interconnection conductor is
determined by the dimensions (e.g., shape, length, and
thickness) of the interconnection conductor.

In an embodiment, the mutual inductance and the inter-
connection conductor may both taken into consideration to
balance the dynamic currents, and the principle of designing
the mutual inductance and the interconnection conductor is
similar to that described in the first and second embodi-
ments.

Accordingly, the switch circuit 1 of the present disclosure
is capable of balancing the dynamic currents flowing
through the switches 131 .. . 13z and 141 . . . 14z based on
the common source inductance. Due to the balanced
dynamic currents, the reliability of the switch circuit 1 is
greatly improved.

FIG. 2 is a schematic view illustrating a power module
according to an embodiment of the present disclosure. The
power module 10 may be regarded as a packaging imple-
mentation of the switch circuit 1. As shown in FIG. 2, the
power module 10 includes first power pins P, a second power
pin N, a third power pin AC, a first control pin G1, a second
control pin S1, and the n switch bridge arms of the switch
circuit 1. The terminal of the switch is electrically connected
to the power or control source through the corresponding
pin. In particular, the first power pin P and the second power
pin N are configured to be electrically connected to the first
end 11a and the second end 116 of the power source 11
respectively for receiving the power. The third power pin AC
is electrically connected to a node 15 between the first and
second switch (i.e., the midpoint of the switch bridge arm).
The first control pin G1 and the second control pin S1 are
electrically connected to the first end 121a and the second
end 1215 of the first control source 121 for receiving a first
control signal. In an embodiment, the power module 10
further includes a third control pin G2 and a fourth control
pin S2. The third control pin G2 and the fourth control pin
S2 are electrically connected to the first end 122a and the
second end 1226 of the second control source 122 for
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receiving a second control signal. In an embodiment, the
power module 10 further includes a substrate 2, and all the
switches and pins mentioned above are all disposed on the
substrate 2.

In an embodiment, the substrate 2 is a circuit board having
a first edge 21, a second edge 22, a third edge 23, and a
fourth edge 24. The first edge 21 is opposite to the second
edge 22, and the third edge 23 is opposite to the fourth edge
24. The first and second power pins P and N are disposed at
the first edge 21. The third power pin AC, the first control pin
(1, the second control pin S1, the third control pin G2, and
the fourth control pin S2 are disposed at the second edge 22.
All the first switches are disposed along a central line L
between the third and fourth edges 23 and 24, a part of the
second switches is disposed between the first switches and
the third edge 23, and the other part of the second switches
is disposed between the first switches and the fourth edge 24.

In FIG. 2, the circuit diagram regarding the switches at the
left or right edge of the central line L is corresponding to the
circuit diagram shown in FIG. 1 in the case of n equal to 4.
Taking the switches at the left edge of the central line L as
an example, the power loop and the second control loop of
the second switches 141, 142, 143 and 144 are depicted by
solid and dashed arrow lines respectively in FIG. 3. In this
embodiment, the substrate is a DBC (direct bonded copper).
Taking FIG. 3 as an example, for the second switch 144, the
power loop of the second switch 144 is the longest among
all the second switches 141, 142, 143 and 144. On the other
hand, the second control loop of the second switch 144 is the
smallest. Since the mutual inductance is proportional to the
loop area of the second control loop, the second switch 144
has the smallest mutual inductance between the power loop
and second control loop. At the same time, the trace length
of'the second switch 144, which is shared by the power loop
and second control loop, including the copper clip on the die
and the DBC trace on the left is the smallest among the
second switches 141, 142, 143 and 144. The common source
inductance of a switch is proportional to the shared trace
length. As a result, the second switch 144 that has the largest
power loop has the smallest common source inductance and
mutual inductance.

For ease of understanding the mutual inductance and the
interconnection conductor, FIG. 4A shows the switch circuit
of FIG. 1 in the case of n equal to 2, and FIG. 4B is a
schematic layout showing the second mutual inductance
Mecs of the second switch 141 and the second interconnec-
tion conductor Lcs21 electrically connected to the second
switch 141. In FIG. 4B, the power loop and the second
control loop of the second switches 141 and 142 are depicted
by solid and dashed arrow lines respectively. The substrate
is a PCB (printed circuit board) in this embodiment. Taking
FIG. 4B as an example, for the second switch 141, the power
loop of the second switch 141 is smaller than the second
switch 142. On the other hand, the second control loop of the
second switch 141 is larger. Since the mutual inductance is
proportional to the loop area of the second control loop, the
second switch 141 has higher mutual inductance between
the power loop and second control loop. At the same time,
the PCB trace length of the second switch 141, which is
shared by the power loop and second control loop, is longer.
The common source inductance of a switch is proportional
to the shared trace length. As a result, the second switch 141
that has the smaller power loop has the larger common
source inductance and mutual inductance. Please refer to
FIG. 4B. In an embodiment, the power source and the
control source may be disposed at the left and right edges of
the switch circuit respectively (not shown). In an embodi-
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ment, the switch is a field-effect transistor, and the four
terminals of the switch from the top to bottom are the drain
terminal, the source terminal, the other source terminal, and
the gate terminal respectively.

FIG. 5 schematically shows the switch of the power
module 10 of FIG. 2. In an embodiment, as shown in FIG.
5, the switch is a field-effect transistor. The first terminal of
the switch is a drain terminal located on the back (not
shown). The second terminals B of the switch are source
terminals. The third terminal A of the switch is a gate
terminal.

From the above descriptions, the present disclosure pro-
vides a switch circuit and a power module capable of
balancing the dynamic currents flowing through the switches
based on the common source inductance. Due to the bal-
anced dynamic currents, the reliability of the switch circuit
and the power module is greatly improved.

While the disclosure has been described in terms of what
is presently considered to be the most practical and preferred
embodiments, it is to be understood that the disclosure needs
not be limited to the disclosed embodiment.

What is claimed is:

1. A switch circuit, electrically connected to a power
source and a first control source, each of the power source
and the first control source having a first end and a second
end, and the switch circuit comprising:

a plurality of switch bridge arms electrically connected in
parallel, each comprising a first switch and a second
switch electrically connected in series, wherein mid-
points of the plurality of switch bridge arms are con-
nected together, and each of the first switch and the
second switch has a first terminal, a second terminal,
and a third terminal, wherein in each of the plurality of
switch bridge arms, the first terminal of the first switch
is electrically connected to the first end of the power
source, the second terminal and the third terminal of the
first switch are electrically connected to the second end
and the first end of the first control source respectively,
the first terminal and the second terminal of the second
switch are electrically connected to the second terminal
of the first switch and the second end of the power
source respectively, a loop formed by the first switch,
the second switch and the power source is defined as a
power loop, a loop formed by the first control source
and the second terminal and the third terminal of the
first switch is defined as a first control loop, and a first
mutual inductance is formed between the power loop
and the first control loop,

wherein among all the first switches, the first switch with
the longer power loop has the smaller first mutual
inductance.

2. The switch circuit according to claim 1, further elec-
trically connected to a second control source having a first
end and a second end, wherein in each of the plurality of
switch bridge arms, the second terminal and the third
terminal of the second switch are electrically connected to
the second end and the first end of the second control source
respectively, a loop formed by the second control source and
the second terminal and the third terminal of the second
switch is defined as a second control loop, and a second
mutual inductance is formed between the power loop and the
second control loop,

wherein among all the second switches, the second switch
with the longer power loop has the smaller second
mutual inductance.

3. The switch circuit according to claim 2, wherein a value

of the second mutual inductance is determined by a relative
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position between the power loop and the second control loop
as well as loop area of the power loop and the second control
loop.

4. The switch circuit according to claim 1, wherein a value
of the first mutual inductance is determined by a relative
position between the power loop and the first control loop as
well as loop area of the power loop and the first control loop.

5. A switch circuit, electrically connected to a power
source and a first control source, each of the power source
and the first control source having a first end and a second
end, and the switch circuit comprising:

a plurality of switch bridge arms electrically connected in
parallel, each comprising a first switch, a first intercon-
nection conductor, a second switch, and a second
interconnection conductor electrically connected in
series sequentially, wherein midpoints of the plurality
of switch bridge arms are connected together, and each
of the first switch and the second switch has a first
terminal, a second terminal, and a third terminal,
wherein in each of the plurality of switch bridge arms,
the first terminal and the second terminal of the first
switch are electrically connected to the first end of the
power source and a first terminal of the first intercon-
nection conductor respectively, the first terminal and
the second terminal of the second switch are electri-
cally connected to a second terminal of the first inter-
connection conductor and a first terminal of the second
interconnection conductor respectively, a second ter-
minal of the second interconnection conductor is elec-
trically connected to the second end of the power
source, the third terminal of the first switch and the
second terminal of the first interconnection conductor
are electrically connected to the first end and the second
end of the first control source respectively, a loop
formed by the first switch, the first interconnection
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conductor, the second switch, the second interconnec-
tion conductor and the power source is defined as a
power loop,

wherein among all the first switches, the first switch with

the longer power loop is electrically connected to the
first interconnection conductor with smaller induc-
tance.

6. The switch circuit according to claim 5, further elec-
trically connected to a second control source having a first
end and a second end, wherein in each of the plurality of
switch bridge arms, the third terminal of the second switch
and the second terminal of the second interconnection
conductor are electrically connected to the first end and the
second end of the second control source respectively,

wherein among all the second switches, the second switch

with the longer power loop is electrically connected to
the second interconnection conductor with smaller
inductance.

7. The switch circuit according to claim 6, wherein a loop
formed by the second control source, the second intercon-
nection conductor, and the second terminal and the third
terminal of the second switch is defined as a control loop,
and a second mutual inductance is formed between the
power loop and the control loop,

wherein among all the second switches, the second switch

with the longer power loop has the smaller second
mutual inductance.

8. The switch circuit according to claim 5, wherein a loop
formed by the first control source, the first interconnection
conductor, and the second terminal and the third terminal of
the first switch is defined as a control loop, and a first mutual
inductance is formed between the power loop and the
control loop,

wherein among all the first switches, the first switch with

the longer power loop has the smaller first mutual
inductance.



